A heparan sulphate proteoglycan was purified from adult bovine brain tissues and its structure was characterized. The major heparan sulphate proteoglycan from whole bovine brain had a molecular mass of 200 kDa on denaturing SDS\PAGE and a core protein size of 66 kDa following the removal of glycosaminoglycan chains. Fractionation on DEAE-Sephacel showed that this proteoglycan consisted of three major forms having high, intermediate and low overall charge. All core proteins were identical in size and reacted with heparan sulphate proteoglycanstub antibody and an antibody made to a synthetic peptide based on rat glypican. The three forms of proteoglycans had identical peptide maps and their amino acid compositional analysis did not match any of the known glypicans. The internal sequence of a major peptide showed only 37.5 % sequence similarity with human glypican 5. The glycosaminoglycan chain sizes of the three forms of this proteoglycan, determined after β-elimination by
INTRODUCTION
Heparan sulphate (HS) proteoglycans (PGs) are a family of macromolecules found in virtually all tissues in a wide variety of species [1] [2] [3] . These macromolecules are comprised of a core protein to which one or more HS glycosaminoglycan (GAG) chains are attached. Much of the biological activity of HSPGs is determined by the binding of a variety of proteins to these HS GAG chains [1, 2] . HS GAG chains are involved in regulation of DNA replication, producing neurites in neuronal cells, lipid metabolism, cell growth, basement-membrane permeability and cancer metastasis [1] . Specific sequences in these GAG chains are believed to be responsible for the binding of growth factors [4] [5] [6] , adhesion molecules [7] and protease inhibitors [8] .
While there are many different forms, there are two major families of integral-membrane cell-surface HSPGs [3] : the syndecans [9, 10] and the glypicans [11] . The syndecan family has four subfamilies and glypican family has five subfamilies [12] . HSPGs from these two families have been purified from a variety of species and cell types using a number of standard biochemical techniques [13] [14] [15] . Whereas a number of PG core proteins have been cloned [16] [17] [18] , considerably less success has been reported on establishing the fine structure of the HS GAG chains associated with these PGs [1, 2] . Glypican HSPGs have also been found in brain and nervous tissues [11, [19] [20] [21] [22] [23] [24] and are involved in their development [11, 25] and regeneration [7, 25] . The glypican family of PGs has a characteristic glycosylphosphatidylinositol (GPI) anchor and 14 conserved cysteine residues forming the tertiary structure of its core protein [11] . Glypican-2
Abbreviations used : HS, heparan sulphate ; PG proteoglycan ; GAG, glycosaminoglycan ; CE, capillary electrophoresis ; GPC, gel permeation chromatography ; ∆UAp, 4-deoxy-α-L-threo-hex-4-enopyranosyluronic acid ; GlcNp, 2-amino-2-deoxyglucopyranose ; GlcAp, glucopyranosyluronic acid ; IdoAp, idopyranosyluronic acid ; Ac, acetate ; S, sulphate ; PIM, porcine intestinal mucosa ; GPI, glycosylphosphatidylinositol ; AGA, monopotassium, 7-amino-1,3-naphthalenedisulphonic acid ; MMCO, molecular mass cut off. 1 To whom correspondence should be addressed (e-mail robert-linhardt!uiowa.edu).
PAGE, were identical. The disaccharide compositional analysis on the heparan sulphate chains from the three forms of the proteoglycan, determined by treatment with a mixture of heparin lyases followed by high-resolution capillary electrophoresis, showed that they differed primarily by degree of sulphation. The most highly sulphated proteoglycan isolated had a disaccharide composition similar to heparan sulphate glycosaminoglycans found in brain tissue. Based on their sensitivity to low pH nitrous acid treatment, the N-sulphate groups in these proteoglycans were found to be primarily in the smaller glycosaminoglycan chains. The heparan sulphate proteoglycans were also heavily glycosylated with O-linked glycans and no glycosylphosphatidylinositol anchor could be detected.
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(cerebroglycan) is only expressed in nervous tissues [26] . This PG is unique to the developing nervous system and is expressed predominantly during neuronal differentiation [26] . Because of the localization of specific HSPGs in nervous tissues, pathological conditions relating to their presence or absence have become an area of increased interest [27] . Progressive dementia, accompanied by the deposition of insoluble protein plaque within the brain, is associated with a number of neurological degenerative disorders, including Alzheimer's disease [28] and prion-based diseases [29] . HSPGs have been implicated in the deposition of amyloid in Alzheimer's disease [30, 31] and the deposition of abnormal prion protein in scrapie infection and other prion diseases [32, 33] . Recently, bovine spongiform encephalopathy (' BSE '), a prion-based infection associated with ' mad cow disease ', has been the source of increasing public concern [34, 35] . In an effort to gain an improved understanding of bovine spongiform encephalopathy, our laboratory has undertaken to purify the major HSPG found in adult bovine brain tissue, identify its core protein and examine its HS GAG chains.
EXPERIMENTAL Materials
Fresh bovine brains were purchased from a local slaughter house. Guanidinium chloride, piperazine\HCl, N-ethylmaleimide, PMSF, trichloroacetic acid, chondroitin lyase ABC, Coomassie Brilliant Blue R-250, trifluoroacetic acid, Sepharose Capillary electrophoresis (CE) was performed using a 50 µm (inner diameter), 375 µm (outer diameter) and 62 cm long fused silica capillary from ISCO (Lincoln, NE, U.S.A.). Peptide mapping HPLC was performed on reversed phase (C ") ) column from Vydac (Hesperia, CA, U.S.A.). Gas chromatography was performed using a capillary column DB-5 (0.32 mmi25 m) from Alltech (Deerfield, IL, U.S.A.).
Preparation of PG from bovine brain tissues
Ten bovine brains were collected immediately after slaughter and quickly frozen on dry ice. The purification method shown in Scheme 1 was based on the previously reported purification of HSPG from liver [15] . The brains were rinsed free of extraneous blood with ice-cold acetate buffer, pH 5.0, cut into small pieces and then homogenized in 4 M guanidinium chloride, 2 % (v\v) Triton X-100, 50 mM pH 5.0 sodium acetate, 0.1 M 6-aminohexanoic acid, 20 mM benzamidine hydrochloride, 10 mM EDTA, 5 mM N-ethylmaleimide and 0.5 mM PMSF, to inhibit proteolysis. After stirring at 4 mC for 16 h, insoluble residues were removed by filtration. Protein was precipitated from the soluble extract with 10 % (w\v) trichloroacetic acid (30 min 4 mC) and removed by centrifuging at 2000 g. After concentration of the supernatant to less than one-third of its volume by reverse osmosis using polyethylene glycol 8000, the buffer was exchanged by dialysis, using membranes having a molecular mass cut off (MMCO) of 1000 Da or 3500 Da, against 20 mM Tris\HCl, pH 8.0, containing 8 M urea, 0.15 M NaCl and 0.5 % (v\v) Triton X-100. Anionic components were adsorbed on to 350 ml DEAE-Sephacel beads, loaded into a 2.5 cmi80 cm column, washed with 20 mM piperazine\HCl, pH 5.0, containing 6 M urea, 0.15 M NaCl and 0.5 % (v\v) Triton X-100, and PGs were then eluted (40 ml\h) using a salt gradient. Pooled fractions were concentrated 10-fold (to 15 ml) by reverse osmosis (as above) and dialysed against 50 mM Tris\HCl, pH 8.0, containing 50 mM NaCl, 0.1 % Triton X-100 and protease inhibitors. The fractions were further concentrated 30-fold using pressure filtration through an Amicon YM-10 filter (MMCO of 10000 Da) and precipitated at k20 mC for 12 h with 3 vol. of 1.3 % (w\v) potassium acetate in 95 % ethanol, in the presence of chondroitin sulphate carrier (1 µg\ml). The precipitate was recovered and redissolved in 30 mM Tris\HCl, pH 7.5, containing 4 M guanidinium chloride, 0.5 % CHAPS and separated on a Sepharose CL-6B column (1.0 cmi107 cm) monitored by the 1,9-Dimethylmethylene Blue assay [36] and analysed on 8 % (w\v, acrylamide) SDS\PAGE.
PAGE and Western blot analysis
PGs and core protein preparations were subjected to electrophoresis in a 3.5-20 % (w\v) linear polyacrylamide gradient gel under reducing conditions and in the presence of SDS [37] . Western transfer was done on to Immobilon-N membranes, and the blots were probed with rabbit antiserum to recombinant rat glypican (obtained by thrombin cleavage of a glutathione Stransferase-fusion protein) [38] or HSPG-stub antibody [39] . Following binding of goat anti-(rabbit IgG)-horseradish peroxidase conjugate (1 : 1000 dilution), the bands were visualized with 4-chloronaphthol as the peroxidase substrate.
Amino acid compositional analysis
Heparin lyase III and chondroitin lyase ABC were immobilized on CNBr-activated Sepharose 4B beads [40] . The purified PGs (a #, b # , and c # ) were digested overnight at 37 mC with immobilized heparin lyase III and immobilized chondroitin lyase ABC in 50 mM sodium phosphate, pH 7.6. The core protein, recovered by gel permeation chromatography (GPC) through Sephadex G-25 (0.8 cmi20 cm), was fractionated by SDS\PAGE (8 %, w\v, acrylamide), and blotted on to a membrane. The Sephadex G-25 void fraction and the blotted excised core protein were submitted for amino acid compositional analysis at the University of Iowa Protein Structure Facility.
Peptide mapping and internal sequencing
The purified PGs from intermediate molecular mass components (a # , b # and c # ) from size-exclusion chromatography were treated at 37 mC for 10 h with sequencing-grade modified trypsin in 50 mM NH % HCO $ , pH 7.8 buffer for peptide mapping. The digestion mixture was separated on a Vydac C ") (4.6 mmi250 mm) column and eluted at 1 ml\min using a gradient of 0.06 % (v\v) trifluoroacetic acid in water and 0.06 % (v\v) trifluoroacetic acid in 80 % acetonitrile in water. The major peaks from a # were submitted for internal sequencing to the University of Iowa Protein Structure Facility.
Size of HS GAG chains
The size of the HS GAG chains of HSPG fractions a # , b # and c # were analysed. The dialysed HSPG was lyophilized, β-eliminated using mild conditions [41] and then dialysed against water using a 1000 Da MMCO membrane. The resulting HS GAG was loaded on to a strong anion-exchange resin and the resin was washed sequentially with water, 3 % (w\v) NaCl and 16 % (w\v) NaCl. The 16 % NaCl fraction was dialysed against water using a 1000 Da MMCO membrane. The HS GAG chains were analysed on a 12 % (w\v) acrylamide gel together with porcine intestinal mucosa (PIM) heparin, low molecular mass heparin, a mixture of heparin oligosaccharide standards, PIM HS and Bovine brain heparan sulphate proteoglycan
Scheme 1 Schematic of HSPG purification Figure 1 DEAE-Sephacel chromatography of bovine brain PG supernatant following trichloroacetic acid precipitation
The column was loaded in 20 mM piperazine/HCl, pH 5.0 buffer, containing 6 M urea, 0.15 M NaCl, 0.5 % (v/v) Triton X-100 and eluted with a NaCl gradient (0.15-1.0 M) in the same buffer. Detection was by carbazole assay [55] . Fractions indicated by solid horizontal lines were collected, combined and labelled as a, b and c for further purification. Carbazole assay ($), NaCl gradient (-). a purified, structurally characterized heparin octasaccharide [42] 
(Please refer to the abbreviations footnote for definitions of carbohydrate abbreviations.) The gel was visualized with Alcian Yellow staining followed by silver staining. One mg of β-eliminated glycan was fluorescently labelled by reductive amination with AGA as previously described [43] . Excess AGA as removed by GPC on a Bio-Gel P-2 column (1.5 cmi45 cm). Analysis of this sample relied on GPC using a Sephadex G-200 column (detection by absorption at 247nm) and PAGE (detection by transillumination at 365 nm) [44] .
Disaccharide composition analysis
The β-eliminated intermediate molecular mass components (a # , b # and c # ) were each dissolved in 100 µl of 50 mM phosphate buffer, pH 7.6, and a mixture of heparin lyase I, II and III (1 munit each) were added together. The digestion mixtures were kept in a 37 mC water bath overnight. The enzymes were deactivated by boiling for 3 min. The CE system was operated in the reverse polarity mode by applying the sample at the cathode and running with 20 mM H $ PO % adjusted to pH 3.5 with 1 M Na # HPO % as described previously [45] . The capillary was washed before use with 0.5 ml of 0.5 M NaOH, followed by 0.5 ml of distilled water
Figure 2 Sepharose CL-6B fractionation of DEAE-Sephacel fractions a (upper), b (middle) and c (lower)
The column was loaded and eluted using 30 mM Tris/HCl, pH 7.5, containing 4 M guanidinium chloride and 0.5 % CHAPS at a flow rate of 4 ml/h and the eluent was monitored at 280 nm. Fractions indicated by solid horizontal lines were collected, combined and labelled as shown. and then 0.5 ml running buffer. Samples were applied using vacuum injection and electrophoresis was conducted at 20 kV with detection at 232 nm.
Oligosaccharide mapping
The β-eliminated GAG chains prepared from HSPG fractions a # and b # (10 µg) were subjected to nitrous acid scission [46] using freshly prepared nitrous acid [47] . The reaction was run for 1 h prior to its termination by the addition of 2 M Na # CO $ . The products were exhaustively dialysed (1000 Da MMCO) against water and the retentate was lyophilized. Both HS GAG and nitrous acid-treated HS GAG were analysed by PAGE on a 22 % (w\v) gel visualized with Alcian Blue followed by silver staining.
Attempted identification of a GPI anchor
Attempts to identify the presence of a GPI anchor in PG fraction a # closely followed a previously published method [48] . Standard solutions of myo-inositol and scyllo-inositol were similarly prepared and analysed.
RESULTS
The PG fraction of whole intact adult bovine brain tissue was isolated by homogenization of the tissue in the presence of protease inhibitors, and it was freed from extraneous protein by precipitation with cold trichloroacetic acid. This fraction was then purified by DEAE-Sephacel chromatography using a NaCl gradient elution (Figure 1 ). Three major peaks were observed eluting (a) at low (300-400 mM), (b) medium (500-600 mM) and (c) high (600-700 mM) NaCl concentrations. Each peak 
Table 1 Amino acid compositional analysis
All values are presented as mol % and the values for the c 2 core protein (both purified and blotted) were determined experimentally in the present study. The compositions for the other proteins were calculated from reported sequences (DNA Star Protein Data Bank). Cys and Trp were not determined for the c2 core protein, and for purposes of comparison the values are not presented for the other proteins (-). Abbreviations used : Chs, chondroitin ; endo, endolytic ; exo, exolytic. was next fractionated by size-exclusion chromatography on Sepharose CL-6B under dissociative conditions. Proteins and peptides were directly detected by measuring absorbance at 280 nm and GAG was detected by the 1,9-Dimethylmethylene Blue assay (results not shown) at an absorbance of 525 nm ( Figure 2) . Each charge fractionated sample showed three major molecular mass species. The high molecular mass component (a " single band at M r 66 000 for HSPGs a # , b # and c # . It should be noted that even when 10 µg of HSPG sample (an amount determined by both amino acid analysis and bicinchoninic acid assay) was loaded on to the gel it stained only faintly with silver. Western blotting and visualization with HS-stub antibody [39] (results not shown) or glypican antibody [38] (Figure 3 ) after transfer to nitrocellulose showed a band at the same position as the silver-stained sample.
Amino acid analysis was performed after treatment of HSPGs with immobilized heparan lyase III and immobilized chondroitin lyase ABC. The core protein was further purified by Sephadex G-25 chromatography following digestion, and the major peak was submitted for amino acid compositional analysis. The core protein was also blotted on to a PVDF membrane, and the transferred band was excised for compositional analysis. The two amino acid compositional analyses showed nearly identical results ( Table 1 ). The composition of HSPG c # was higher in Thr, Ser and Pro and lower in Met, Tyr and Lys than glypican. Furthermore, contamination by the immobilized lyases used to prepare HSPG c # core protein could not have resulted in the observed differences. Attempts to sequence the N-terminus of this protein after transfer to nitrocellulose failed, suggesting that the N-terminus might be blocked or may have been modified during electrophoresis and electrotransfer. Treatment of the purified HSPG with sequencing-grade modified trypsin followed by peptide mapping on narrow-bore C ") HPLC afforded nearly identical peptide maps for a # , b # and c #. Several internal peptides were submitted for sequencing. No sequence data could be obtained from the many peptides eluting early from the column suggesting that they were glycosylated. A major peak, eluting late in the peptide map, gave a sequence QDINKYIA and a second peptide peak eluting in the middle of the peptide map showed a mixture of both a major (80 %) sequence, MQPGV, and a minor (20 %) sequence, FLKDQ.
The GAG chains of HSPG a # , b # and c # were next analysed. Mild β-elimination [41] was used to obtain the intact HS GAG chains from each HSPG. The size of the HS GAG chain was analysed by PAGE ( Figure 4 ) after β-elimination [50] . The HS GAG chain size was compared with a fully sulphated heparin octasaccharide, a mixture of heparin oligosaccharide standards, low-molecular-mass heparin, PIM heparin and PIM HS. The gel was stained with Alcian Yellow followed by silver staining and scanning. The staining density of each lane was plotted as a function of migration distance (mm) ( Figure 5 ). Heparin oligo- saccharides were used to prepare a standard curve giving a linear relationship between log M r and migration distance (mm) as previously demonstrated by Edens et al. [50] . The average molecular mass of each HS GAG was determined and the results are presented in Table 2 . The glycans released on mild β-elimination were reductively aminated with an AGA fluorescent tag and analysed by GPC on
Table 3 Disaccharide compositional analysis
All values are presented as % (w/w) and the values for the GAG components of HSPG a 2 /b 2 /c 2 proteins were determined experimentally in the present study. The samples were treated with heparin lyase I, II and III, and the disaccharides separated and identified by CE. The compositions for the other GAGs are taken from [51] . Not detected (-). Sephadex G-200 and by PAGE. These analyses showed " 80 % of the GPC-incorporated fluorescent tag was in small heparan lyase insensitive glycans (M r 1000), whereas " 20 % was incorporated into HS GAG chains (M r " 20 000). Disaccharide compositional analysis was performed by treating the HS GAG chains released from HSPG c # with a mixture of heparin lyases I, II and III (of equivalent activities) followed by CE analysis ( Figure 6 ). The resulting disaccharide composition the HS GAG chains from each HSPG is presented in Table 3 and compared with the disaccharide composition of HS GAGs from other species and tissues [51] . The degree of sulphation (sulphate\ disaccharide) of the a # , b # and c # HS GAG chains was calculated from the disaccharide analysis as, 0.14, 0.22 and 0.45, respectively ( Table 4 ). The substantial difference in the Nsulphate content of HS GAG fractions a # and b # (Table 4) was studied by PAGE, following low pH nitrous acid treatment. Both HS GAG fractions showed only the loss of low molecular mass ( 15 000) chains to form oligosaccharide products that were only faintly visible on silver staining (results not shown). No GPI anchor was detected in HSPG a # .
DISCUSSION
Purification of the PGs of whole adult bovine brain afforded three fractions differing in charge density (labelled a, b and c).
Size fractionation afforded intermediate molecular mass species (" 200 kDa) (a # , b # and c # ) that were PGs. Approx. 2.8-3.4 µg of purified HSPG (a #, b #, and c # ) were obtained from 1 g of wet bovine brain tissue. This value is consistent with an approximate yield of 3.5 µg of HSPG\g of wet rat liver tissue obtained by Lyon and Gallagher [15] . Porcine brain reportedly yields 0.8 µg of HS GAG\g of wet tissue [52] . These results, together with their sensitivity to heparin lyase III, suggest that a #, b # and c # represent the major HSPG in bovine brain.
Treatment of purified HSPG with immobilized heparin lyase III and immobilized chondroitin lyase ABC afforded core proteins of molecular mass 66 kDa. This result together with their identical peptide maps suggested that the charge differences between the three forms of this PG were associated with the GAG chains. The five known glypican family members have core protein sizes from 55-65 kDa ; our core protein is very close to this size, suggesting that we have isolated a member(s) of the glypican family of PGs. After the core protein was obtained by treatment with immobilized heparin lyase III and immobilized chondroitin lyase ABC and analysed by SDS\PAGE, it was difficult to detect with silver staining (requiring " 10 µg of protein). This difficulty suggests that the PG was heavily glycosylated. Similar observations regarding the low staining intensity of other PGs have been reported [53] . When the purified PG was treated separately with immobilized heparin lyase III and immobilized chondroitin lyase ABC, only the heparin lyase III treatment was required to reduce it to a core protein size of 66 kDa, demonstrating that this PG has only HS chains. Both HSPG-stub antibody and glypican antibody recognized the core protein. The amino acid composition analysis obtained on the core protein did not match any of the known glypicans.
The peptide map of the PG core gave mostly peaks that eluted early from the C ") column. These early eluting peptides could not be sequenced. From peaks eluting late in the peptide map three internal peptide sequences were obtained. The longest of these, an 8-mer, gave only a low similarity (37.5 %) to sequences from human glypican-5. Only one match (to the variable region of mouse IgG) was found in a search of GenBank. The shorter 5-mer sequences had higher similarity not only to glypicans but to many other proteins as well.
The GAG chains on the PG were clearly demonstrated to be HS, as they were heparin lyase III sensitive, and displayed no chondroitin ABC lyase sensitivity. Mild β-elimination was used to release the O-linked glycans from the HSPG. The molecular mass of the released HS chains were calculated as M r,av l 24 000 with a range of 7500-42 000. The number of GAG chains was estimated as six from the M r of the HS chains and the observed molecular size differences between the PG and core protein. The difference in the elution position of the PG from DEAE-Sephacel was ascribed to sulphation differences in the HS GAG rather than to differences in GAG chain length. The released O-linked glycans were fluorescently labelled by reductive amination with AGA. Analysis by GPC and PAGE showed " 80 mol % of the labelled sample was small (M r 1000) O-linked glycans, whereas " 20 mol % were HS GAG chains. These results, in combination with the measured M r of the HS GAG chains and the core protein, suggest that the HSPG contains four to six GAG chains and 16-24 small O-linked glycan chains. This is consistent with the large number of serine residues (13 mol %) found in the core protein (Table 1) .
Disaccharide analysis showed that all forms of the PG contained the same disaccharide components, but that the percentage of sulphated disaccharides increased from a # to b # to c # . The disaccharide composition of the HS GAG chains derived from a # and b # HSPG fractions was considerably higher in unsulphated disaccharide (∆UAp -GlcNpAc) than that found in the HS GAGs of other bovine tissues and the brain tissues of other species (Table 3) . HSPG fraction c # most closely resembled the composition of HS GAGs obtained from brain tissues.
HSPG c #
showed ∆UAp-GlcNpAc, ∆UAp2S-GlcNpS and ∆UAp2S-GlcNpS6S levels comparable to HS GAG isolated from adult rat brain (66 %, 5%, 0%, respectively, compared with 69 %, 2%, trace). The levels of ∆UAp-GlcNpAc6S and ∆UAp-GlcNpS6S in HSPG c # are close to those of HS GAG isolated from adult bovine brain (13 % and 7 %, respectively, compared with 9 % and 8 %) The levels of ∆UAp-GlcNpS observed in all HSPG fractions (a # , b # and c # ) are considerably lower than those observed in any of the brain HS GAGs. Although it is difficult to interpret the reasons for these observed differences in disaccharide compositions, one possibility is that all of the previously reported data come from total brain HS GAG. Those analyses corresponded to a diverse group of HSPGs present in whole brain tissue whereas the disaccharide composition presented in the present work comes from a single bovine brain HSPG. Of possible interest is that the c # form contained a trace amount of ∆UAp2S-GlcNpAc. This disaccharide could arise from either the [ 4)-β--GlcAp2S (1 4)-β--GlcNpAc (1 ] or the [ 4)-α--IdoAp2S(1 4) -β--GlcNpAc (1 ] sequence. The first of these two sequences has been previously described as one prevalent in HS GAG chains extracted from amyloid plaques [54] . HS GAG chains prepared from a # and b # through β-elimination showed similar changes on low pH nitrous acid treatment despite the nearly twofold difference in their content of N-sulphate groups ( Table 4 ). The disappearance of only the lower molecular mass HS GAG chains on low pH nitrous acid treatment suggests that the HSPGs contain two different types of GAG chains, those that are N-sulphate-group rich (M r 15 000) and those that are N-sulphate-group poor (M r 15 000). More work is required to understand the fine details of the structure of these HS GAG chains. A GPI anchor could not be detected, and it is unlikely that it could have been lost during HSPG purification, since the conditions used were very mild [41] . More likely explanations are either that the HSPG had been primarily isolated from the extracellular matrix after having been shed from the membrane, or that this HSPG is not a glypican.
In conclusion, the major HSPG in adult bovine brain tissue has been purified and the structure of its protein and GAG components partially characterized. This PG occurs in three major forms that differ in saccharide composition, primarily on the basis of sulphation level. The most sulphated form of this PG contains a trace amount of a disaccharide that corresponds to that frequently occurring in HS GAG chains extracted from amyloid plaque deposits. Work is ongoing to study the binding of prion and amyloid plaque proteins to this new bovine brain HS PG.
